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WORK EXCHANGER WITH THREE-WAY POPPET VALVE 



FIELD OF THE INVENTION 

This invention relates to three-way. poppet valves, mote particularly to 
valves ^jeciaUy designed for use in work raccbanger systenas. 

BACKGROUND OF TBE INVENTION 

A work exchanger is a device that obtains onergy from one stream of flmd 
and transfers that energy to another stream. It can be also described as a pump 
driven by fluid flow, most often of opposed piston/diaphragm type. . Work 
exchangers are vital for energy recovery in reverse osmosis processes such as 
desalination, since by itself the RO separation is power-consuming process which 
becomes economically feasible if only a substantial part of Ihe energy residait in 
flie rcgeot Qf/and peoneate streams is returned back into the process. 

A work exchanger system lypically comprises two (or more) pressure 
cylinder vessels with a brine port at one end, a feed water pprt at die ottier end, and 
a plunger fieely sUding between the ports. A system of valves connects and 
disconnects tbese ports to high-pressure brine Uae coming from RO modules, brine 
discharge line, low-pressure feed water Une, and high-pressure feed water line 
gorog to Ae RO modules. Eadx pressure cyliader performs a two-stroke cycle 
vrtioceby the energy of the high-pressure brine is ttansfenred to ihe stream of feed 
water; The resulting low-pressure brine is discharged. 

At fixe first stroke, the brine port is connected to the brine discharge line 
while the feed water port is connected to the low-pressure feed water line. The 
vessel U filled wifli low-pressure feed water which displaces the plunger towards 
the brine port and brine Is discharged through the non-pressurized discharge line. 
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At the second stroke, the brine port is connected to the high-pressure brijne 
line, while the feed port is connected to tJie high-ptesswe feed water line. The 
vessel is filled with high-pressure brine which displaces the plunger back towards 
the feed port so as to squeeze feed water mto the high-pressure feed water line. 

The operation of the work exchanger requires special timing, reliable 
synchronization and sealing of the valves in order to perfonn efficiently the above 
two-stroke cycle. • ' 

A report on experimental wprk "A Flow Work Exchanger for Desalination 
Processes", Kansas state Univ., Manhattan, Aug. 1968, discloses usage of 
pilot-operated Hunt double plunger hydraulic valve with a work exchanger. This 
valve has a housing with two parallel cylinder bores and fourlateral ports opening 
into flie bores. Two rigidly connected parallel plungers are movable in the botes, 
providing communication between the ports through specially fomied channels and 
cavities in plunger bodies. Tbe plungers are always in hydrostatic balance. 

US 5,306,428 to Tonner discloses a rotary valve used to direct brine to/firom 
different work exchanger ports. TTxe feed water stream is regulated by two chedt 
valves at each feed water port. The rotaiy valve of Tonner is not hyarauBcafly 
balanced, which causes excessive wear on tfie sealmg surfeces due to side loads 
exerted on the central rotating assembly. There are also internal and external 
leakage problems between the high pressure inlet and outlet potts and the low 
pressure drain ports. This, in turn, reduces the efficiency of tbst T<aaxe[ valve and 
imposes size limits on any such device that can be manufectuied in practice. 

US 5,797,429 to Shumway suggest tifcie usage of a five-way or four-wsty 
linear spool valve in a work exchanger system. The Shumw^ valve conges two 
pistons ccmnected fay a tod (spool) located inside a cylinder. The cylinder has five 
ports: a high pressure brine inlet, a first work exchanger vessel port, a second wotk 
exchanger vessel port, and two low-pressiite brine dischaige outlets which may be 
connected. By moving the spool back and forth within the cylinder, the work 
exchanger ports are alternately opened and closed, and this ditccts flow in the 
proptf sequence to the proper port. The feed water stream in the Shumway. 
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work-exchanger system is regulated by two check valves at the feed water port of 
each exchanger vessel. 

The linear spool valve of Shumway is hydtauUcaUy balanced axiaUy. As a 
result,, the force required to move the linear spool is onfy that force needed to 
5 overcome the ftictton of the sealing surfaces associated wi* the pistons, which 
pennits the driving device of the valve to be of low power. However the Shummy 
valve has also leakage problems. The attempts to reduce leakage by tighter fitting 
of the pistons to the cylinder lead to excessive wear which seems to be an mh^rent 
problem in every spool valve device because the seaUog in spool, valves is not 
provided by positive displacement. This piobl^ is even more aggravated in work 
exchangers of large capacity and power ihat ke employed in modem desalination 
plants using ROtedinology. . . 

Poppet valves have relatively simple design and provide very reliable 
sealmg achieved by posith«s displacement A typical three-w^ poppet valve ' 
comprises a valve chamber with a central port and two coaxial valve seats leading 
to two end ports, and a poppet body disposed in the valve chamber. The poppet 
body is adapted for reciprocation between two positions so that m a first position it • 
seals the first valve seat and fluid communication is provided between one end poit 
and the central port, and in a second position the poppet body seals the second 
vah^e seat and fluid coinmunication is provided between the other end port knd the 
centoal port. However, during the travel between the valve seats, the poppet body 
allows fluid communication between a« three ports. The poppet valve also 
shuts-oflF and opens ahruptfy which m^ cause water hammer, and is not 
hydraiilically balanced. 

SUMMARY OF THE INViaNTION 

According to the present mvention, there is provided a three-way 
two-position poppet vahre comprising a housing with a first port, a second port, a 
Aird working port and a gpneraUy cyHndrical valve chamber with an axis. The 
valve chamber is defined between a first coaxial annular valve seat associated with 
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the first port, and a second coaxial annular valve seat associated with flbte second 
port. The working port is connected laterally to the valve chamber. The poppet 
valve further comprises a poppet body disposed in the vahre chamber and adapted 
for reciprocation between two positions so that hi a first position the poppet body 

5 seals the first valve seat and fluid conimumcation is provided between the second, 
port and the working port, and in a second position the poppet body seals the 
second valve seat and fluid communication is provided between the first port and 
the woriking port 

The valve is characterized in that the housing has a first coaxial cylindrical 
10 • passage adjacent the first valve seat and a second coaxial cylindrical passage 
adjacent the second valye seat, while the poppet body has a first coaxial cyluider 
part slidingly and sealingly fitting the first passage, and a second coaxial cylinder 
part sUdlngly and sealingly fittmg the second passage, so tfxat fiie poppet body is 
always supported in at least one of the cylindrical passages and fluid 
J5 communication between the first and the second ports is always prevented. The 
cylmdrical passages and the cylinder parts of the poppet body preferably have the 
same diameter D. 

In one embodiment of the three-way valve, the first valve seat is at a distal 
. end of the fiist cylindrical passage, adjacent the fiist port, and a distal end of the 
20 first <yHnder part of the poppet, is equipped with a first sealing rim matching the 
first valve seat Preferably, the first pyHndrical passage has a proximal part flaring 
towards the poppet bo<fy so lhat the first cylinder part of the poppet body would 
smoothly change the flow through the first port and the pressure in the valve 
. <*amJ)erii«iien altering OTwdting the first cylinder passage. 
25 The second vaKe seat is at a proximal end of the second cylindrical passage, 

adjacent the valve chamber, and a proximal end of the second cylinder part of the 
poppet is equipped with a second sealing rim matching the second valve seat 
Preferably, said poppet body fixriher comprises a profiled part adjacent to the distal 
end of the second cylinder part, so that the profiled part .would smoothly changq the 
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worlcing fluid and by its firs port to a noix-pressurized dischazge outlet A second 
three-way poppet valve is connected by its worktag port to the second end, by its 
first port to a source of low-pressure feed fluid and by its second port to a 
hi^-pressure feed fluid consumer. 
5 According to yet another aspect of the present invention, the two p<^et 

valves of the above work exchange module are equipped with a first and a second 
hydraulic cylinder, each having a "push" and a "pull" port, such that connecting ttie 
"push" port to a pressure source would drive tilie assodated poppet valve to the first 
position tfiereqf and vice-vecsa, wh^ein the "push", port of the first hydraulic 
10 cylinder is connected ditecfly to the "puU" port of the second hydraulic cylinder. 
Thereby, flie reciprocating motions of the two poppet valves are fully synchronized. 
Preferably, for such synchronized motion, the flaring part of the first 
. cylindrical passage in the first three-way poppet valve is axially longer than the 
corresponding flaring part in the second three-way poppet valve, so that when the. 

15 two poppet bodies move towards opening the first port in both three-way valves, 
the first port in the first valve is connected to the exchanger cylinder before the first 
port of the second valve. 

The poppet valve of the present invention provides combined advantages of 
poppet and spool valves; reliable sealing of the ports, avoiding mixmg of flows and 

20 leakages, controlled shut-ofiF and opening of the flow passages and preventing 
water-hammer, axially balanced poppet assembly allowing low-power drives, 
reduced use of expensive materials, robust construction and low production costs. 

The three-way poppet valve of the present invention is advainlageously used 
in energy recovery plants of RO installations of large capacity. It allows 

25 constructing of large work exchanger units where a number of exchanger cylinders . 
are connected in parallel to one poppet valve. Opposite-phase operation of two 
work exchangers, which is necessary in such energy recovery plant, can be 
eflfcctively synchronised by designing the profile of the poppets such that while one 
valve opens its high-pressure brine port and the other valve closes its high-piessure 

30 brine port, the total sectional area of tibie high-pressure brine flow remains constant 



The three-way poppet valve of the present invention, with the bydraufic 
drive, can be advantageously used also at the feed .water end of ttie wock 
exchangers, instead of two check valves. Thus, with no springs or other elastic 
elements used. in valve modon^ arbitraiy dosing/^qpening or "hesitation" of the 
3 valves is avoided, as well as noise and "water hammer", 

BIOEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be c^ 
practice, a preferred embodiment will now be described, by way of non-limiting 
example only, with rei^rence to the accompanying dmwings, in which: 
10 . Vig. 1 is- a schematic cross^secdonal elevation of a three-way balanced . 

poppet valve of the present invention, in a first eSxtreme position of the poppet 

F1g» 2 is a schematic cross-sectional elevadon of the three-way balanced 
poppet valve of;Fig. 1 in a second extreme position of the poppet 

Fig. 3 is a schematic cross-sectional elevation of a work-«changer module 
15 equipped with two three-way poppet valves of the present invention. 

Fig. 4 is a scheme of a RO desalination plant with energy recovery plant 
comprising the work exchanger of Fig- 3 . 

Figs. SA and 5B show alternative embodiments of the three-way poppet 
valve of the present invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

With reference to Figs. 1 and 2, there is shown a three-way, two-position 
poppet valve 10 comprising a housing 12 . with a generally cylindrical valve 
chamber 14, a first (outlet) port 20, a second (inlet) port 16, a third (worJdng) port 
1 8, and a poppet assembly 22. The valve chamber 14 has a coaxial cylinder passage 
25 24 of diameter D towards the outlet port 16. The extension 24 comprises a &st 
valve seat 26 of diameter D disposed at the distal end thereof, in communication 
with the axial outlet port 20, and a flaring annular part 27 at the proximal end. A 
second annular valve seat 28 is at the opposite side of the valve chamber 14, 
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coromunicating wife the inlet port 16. TTie woria'ng port 18, which is disposed . 
laterally between die valve seats 26 and 28, Is diieotly communicating with the 
valve chamber. 14. A coaxial cylinder passage 30 of diameter D is provided 
between the valve seat 28 add the inlet port X6. Hie housing 12 further has an 
5 auxiliaiy coaxial cylinder chamber 32 of diameter D adjac^t to and 
communicating with the inlet port 16, the auxiUaiy chamber being closed by a Ud . 
34. It should be noted that the first port 20 and the second port 16 ar« namedhere 
"outlet" and "inlet" just for convenience while eitfier of them can be inlet or outlet 

The poppet assembly 22 comprises a poppet body 36 with an axial stem 38 
10 and.an auxiliaiy piston 40. The poppet body 36 comprises a metal dish 42 fixed to 
the stem 38 and having a sealing rim with an annular seal 44, a fust cylinder body 
46 with a metal sealmg ring 52, and a second cylinder body 48 with a profiled, 
generally tiering, extremity 50. Both the flaring part 27 and the extremity 50 
profile are designed for obtaining smooth flow at opening and closing the first and 
15 the second port, respectively. Theix particular -form depends on the appUcation of 
the valve as will be explained below. The cylinder bodies 46 and 48 fit sUdingly 
and sealingly into the cylindrical passages 24 and 30, respectively The auxiliary 
piston 40 fits sealingly into the auxiliary chamber 32, thereby defining a balancing 
pressure chamber 54 between the piston 40 arid the lid 34. The pressure chamber 
20 54 is in fluid communication with the outlet port 20 via a pipe 56 (shown in Fig. 1) 
. or, alternatively, via a channel 58 obtained through the stem 38 (diown in Fig. 2). 
The axial stem 38 extends, with a sealing slidmg fi^ tiuough an opening in the lid 
34 and is connected to an external hydraulic cylinder 60. 

In operation, the hydraulic <^linder 60 reciprocates the poppet assemblly 22 
25 between two extreme positions: in a first position (shown in Fig. 2), the fiist valve 
seat 26 is sealed by the sealing ring 52 and fluid conmiunicadon is provided 
between the second (inlet) port 16 and the woikiog port 18 under pressure P2; and 
in a second position (shown in Fig. 1), the second valve seat 28 is sealed by fixe 
sealing rhn 44 and fluid communicatiQn is provided between the woildag port 18 
- 30 and the first (outlet) p<»t 20 under pressure P|. 
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During the tedprocating motion, the poppet assembly 22 is supported by the 
cylinder bodies 46 and 48 sUding in the cylinder passages 24 and 30. The axial 
lengths of the cylinder bodies and the cylinder passages are selected so that cylinder 
passages 24 and 30 are never opened simultaneously and thus flows via the fiist 
5 port 20 and the second port 16 are not mixed. These axial lengtfis may be ftnther 
varied if necessary for adjusting the valve operation cycle (timing) to the woikmg 
<^cle of a madhine whore- the valve is used. 

The profiled extremity 50 of the poppet body bas a shape ad^ted to change 
flow section area of the second yalve seat 28 as a predeteinuned function of tiiixe 
10 fi>r a given velocity of the poppet body axial movcnaent For example, if two valves 
. 10 are used with two work exchange cylinders operating in opposite phase (see 
Fig. 4, valves 80 and 800, tbe extremities of then: respective poppet bodies may be 
shaped so that when one valve opens its second port and the other valve closes its 
second port, the total sectional area of the flow through these second ports remams 
IS constant. 

The profile of the extremity 50 has a shallow straight cylinder step 51 
adjacent to the second cylinder body 48, with depth d and axial length /. These 
dimensions are selected such that, when the second cylinder body 48 leaves the 
second cylinder passage 30 opening it, pressures in the second port 16 and in the 
20 working port 18 are equalized to Pi in a predeterniined finite time for a given 

• velocity of the poppet body axial movement. This timing is necessary hi' order to 
avoid occurring of "water hammer". It wiU be appreciated that particular 
dimensions of the step 51 depend also on the pressure differential between ports 16 

• and 18 before opening of the valve seat 28, on the volume of a fluid container filled 
25 through the working port 18, and on the elastic properties of this container, the 

associated pipuig, and of the fluid. For example (see Fig. 3), a wotfc exchanger 
vessel 72 of votame .V connected to a poppet valve 80 may operate under higb 
pressure 70-80 ata and expand its volume by AV when «»qjosed to such 
pressure. Hie vessel 72, die water fiheacein, and die connecting piping thorearound 
30 coDstitiite an elastic oscillating sysbem characterized by basic natural fiequ^cy /or 



-I0-. 

period T. Thus, it is desirable to feed the volume of water AV into the vessel, under 
the pressure P2, after the valve seat 28 is opened, for a time equal or longer than 
half the period T. This time can be attained by selecting the depth d and the axial 
length /.oftiiest^ SI. 

With reference to Fig. 12. in the first extrane position of the poppet, axial 
forces applied to the poppet assembly 22 from the pressure P2 within the assembly 
are mutually balanced, smce the chamber 32 and the passage 24 have the 'same 
diameter D. Tliese forces are balanced during the whole travel of the poppet 
ass^bly towards tfie second e»:tr^e position and in tiie second position OFig. 1). 

The axiai pressures. acting from the balancujg pressure chamber 54 onto the. 
piston 40 and ftom the outlet port 20 onto the cylinder body 46 are both equal to Pi 
due to ihe fluid communication 56 (or 58) that transmits the pressure of the outlet 
port 20 to the chamber 54. However in the first position (Fig. 2), the area of the 
poppet body exposed to the axial pressure Pt in the valve seat 26 is slightly less 
than 71DV4 because the annular seal contact surface has finite width extendhig ^ 
inside of the diameter D. (This width can be mmiraized by the channel 53 in the 
sealing ring 52). Conversely, in die second position (Fig. 1), the area of the poppet 
body exposed to pressure Pi in the valve seat 28 is slightly more than «D'/4 
because the annular contact surface of the seal 44 has finite width extending 
outside of the diameter D. Between the extreme positions, the area of the poppet 
body ejqposed to die axiaj pressure Pi fiom the outlet pott 20 is equal to jcDV4. Hie 
ared of the piston 40 exposed to pressure. Pi is also less than 7cDV4 by the area of 
the rod 38 oross-section. 

The above balandng scheme is especially advantageous for use witti tiie 
prsssure in the second port much hig^her than the pressure ini the first pott (Pj » p^) 
smce all unbalance due to diflfetences of areas is associated wifli the lower pressure. 
Thus, the construction of the tiaee-way poppet valve of the present invention • 
allows the p<^pet assembly to be redptocated vtathout ' overt^miing pressure 
differentials of the hilet and outlet flows, while the constant diamefasr D feciUtates 
woddng and finishing of the bores 24, 30 and 32 in the housing 12. 
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With «>ference to Figs. 3 and 4, there a« shovwn tv.o identical ^ 

. «^^-"S-«'oduJes70aad70'usedinap<nverrecoverysystc^52conn^^ 
reverse osmosi. desalination plant 64 (RO plam). Ite power recovery ^em 62 

utUi^s the enetgy of high-pressure brine forpumping fc^ 

5 The module 70 comprises an exchanger qylinder 72 with a brine port 74 at 

one end, a feed water port 76 at the second end, and a plunge. 78 fteely sUding 

bebveen fte ports. Th. module 70 is equipped vnA, two three-way poppet valves as 

described in relation to Figs. 1 and 2. The first three-way poppet valve sJ is 
comiected by its worldng port 82 to Ihe brine port 74. by its second (inlet) port 84 to 
.0 a high-pressure brine line 86 of the RO plant, and by. its first (outlet) port 88 to a 
non-pressurized brine discharge line 89. The second three-w^ poppet valve 90 is 

«««««^»^itsworkingport92to(hefeedwaterport76.byi.ssecond(ouaet) 
port 94 to a high-pressure feed line 96 of the RO plant, and by its first (mlet) port 
98 to a low-pressure feed line 99. m the position of the poppet valves 80 and 90 
.5 shown in Fig. 3, the worlc exchanger module 70 receives low-pressure feed water 
and dischaises brine. The worfe exchanger module 70" has hs valves 80" and 90" in 
- reverse position where hi^-pressure brine is fed imo the cylinder and p«nps 
high-pressure feed water into the RO plant 

With reference only to Fig,.3, the first poppet valve 80 has a hydraulic 
20 cylinder 100 with ports "pull" 102 and "push" 104, the second poppet valve 90 has 
a hydrauUc cylinder 110 wife ports "pull" 112 and "push" 114, and the hydraulic 
cylinders are powered by ahydraulic station 120 with inlet port 122 and outlet port 
124. The "puU- port 102 of the cylinder 100 is connected directly to the "push" port 
114 of the other hydrauUc.cylinder IJO, while the "push" port 104 of the cylinder 
25. 100 is connected to fee hydrauUc station outlet 124 and the "puU" port of the 
cylinder 110 is connected to the hydraulic station inlet 122. The line 102-U4 
which is not connected.to the hydraulic station, has means for compensation' of 
leakage 126. 

It would be weciated that in this way the reciprocation of the two poppet 
)0 valves is synchronized; When high pressure is fed to the hydrauUc station outlet 
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122, the pistoa of the cylmder 110 and the poppet valve 90 are ipuUed to the 
position of Fig. 3 while simultaneously the cylinder 100 and the poppet valve 80 
are pulled to the same position due to the connection 114-102. The reverse motion 
is also ^oichronized. This method of synchronization is suitable for use with 

5 sensors (not shown) for measuring position and speed ofthe plunger 78. 

The first three-way poppet valve 80 may have a flaring annular part 87 of 
the cylindrical passage 24 which is axially longer than the corresponding flaring 
part 97 in the second poppet valve 90, so that during synchronized motion of the 
two poppet bodies towards opening the first ports 88, 98 in bo.th tbree-way valves, 

10 the first port 88 in the first valve 80 is connected to the ^changer cylinder 72 
before the first port 98 of the second valve 90. This is done in order to relief the 
high pressure in the exchanger cylinder 72 from the previotis (second) stroke into 
the brine discharge line 89 (see also Fig. 4) and not into die low-pressure feed 
Iine99. 

15 Although a description of specific embodinients has been presented, it is . 

contemplated that various changes could be made without deviating from die scope 
of the present invention. For example, the poppet valve of Fig. 1 could be modifi^ed • 
as shown in Figs. 5A and 5B. In Fig. 5 A, a three-way poppet valve 130 has a 
cylinder passage .24' at the axial outlet 20 designed symmetrically to fte cylmder 
•20 passage 30, with a valve seat 26' similar to tiie valve seat 28 (see Fig. 1). The 
poppet body 36' in this case has symmetrical form with a cylindrical body 46' 
complemented by a profiled extremity 50', and a sealing rim 52' sinnilar to the 
rim 44. Alternatively, as shown in Fig. 5B, a three-way poppet valve 140 may have 
a cylindra: passage 30* designed synunetrically to the cylinder passage 24, with 

25 valve seat 28' at the distal end of the passage 30', and a flaring annular part 27 at 
the proximal end. The poppet body 36^ in diis case is a symmetrical cylinder 
without profiled extremities. The second sealing rim 44' is similar to the sealing rim 
52. These valve variations, however, can not b^ balanced completely with respect 
to eiflier pressure Pz or Pi - 

30 
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CLAIMS: 

1. A flKxee-way tv^O'-positioa poppet valve comprising a housing with a first 
port, a second port, a third working port and a generally cylindrical valve chamber 
with an axis, said valve chamber being defined betwera a first coaxial annular 

s valve seat associated vtri^ said first port, and a second coaxial annular valve seat 
associated with said second port, said working port being connected laterally to 
said valve cbaniber, S2ud poppet valve further conxprising a poppet body disposed in 
said valvQ chamber and adapted for reciprocation between two positions so that in a 
first position the poppet body seals said first valve seat and fluid commiuiication is 

10 provided between said second port and said working port, and in a second position 
the poppet bodty seals said second valve seat and fluid conununication is provided 
between said first port and said woridng port; 
. wherdn 

said housing has a first coaxial <^lindrical passage adjacmt said first valve 
15 seat and a second coaxial cylindrical passage adjacent said second valve sea^ said 
poppet body has a Grst coaxial cylinder part slidingly and sealingly fitting said first 
passage, and a second coaxial cylinder part slidingly and sealingly fitting said 
second passage, so that said poppet body is always supported in at least one of the 
cylindrical passages and fluid communication between said first and said se<^d 
20. ports is always prevented. 

2. The three-way poppet valve of Claim 1, wherein the two coaxial 
cylindrical passages and the two coaxial cylinder parts of the poppet body have the 
same diameter D. 

3. The three-way poppet valve of Claim 2, wherein said second valve seat is 
25 at a proximal end of said second cylindrical passage, adjacent said valve chamber, 

and a proximal end of said second cylinder part of the poppet is equipped with a 
second sealing rim matching said second valve seat. 

4b The three-way poppet valve of Claim 3, wherein said poppet body fiflcther 
* comprises a profiled part adjacent to the distal end of said second cylinder pah, so 
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in to valve chamber or «ftH« ^Ud second 

passage, 

5. The ttae^v^ p„ppe, clata. 4. »i«„ta «id pioflled part 

5 ^'»;*-«-»Mow«raigh.oy,Wer»«padjac™tttodis««„,ofa^^ 

sa.d «cond cyliuier par. .=av« «id se«». .ylfader paasag.: in aaid 

seeond p« and to said «<,Hci»g p<« ^ e,„aii«d fa 

foragivenveloci^yofftepoi^bodyarialinweniem. 
10*.. Ti««^^fcfpc,-^^(a^^_^^^^^^^^ 

Aape adapted K, Change flaw ao*,, «. of *e 5ec<»d vri,. sea. as a 
I-=d«emHaed ft«a«, of ttn. for a give, velocio- of tte poppe. bod, a«al 
movement ^ « 

7.. 'n»«*^WpoppetvalveofCIan„3.^emsaidfimvaI^^ 
.5 <^««d<»f^dfirst^lmdricaIpassage,a<yacentsaidfixstpor., 

said first valve seat 

8. IHe three-way poppet vaive of Claim 7, wherein said Srst cylindrical 

passage has a proximal part flaring towards said poppet body so that said first 
10 cylinderpart of the poppet body would smoothly change the flow through the first 
pott and the pressure in the ^ve chamber when entering or CKittog said first 
cylinder passage. 

9. The three-way poppet valve of Claim 8, wherein said second port: is 
di^osed lateraUy to said axis and said housing forther comprises an auxiliary 

. *^^^^der chamber ofdiamcterDconmiunicating at aproximal end thereof 

^«^«^dsecondportandsaidsecondcylmdricalpassage,andclosedatadistaIcnd 
thereof by a lid, an auxiliary piston being mounted for sUding in said auxiliary • 
chamber and being fcmly connected to said poppet body by an axial rod. so that the 
aux, hary piston,- the axial rod and the poppet body f«m a poppet assembly wWdh is 
axially balanced with respect to flow pressure in the second port. 
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10. TTie three-way poppet valve of Clainj 9. wherein said aiudliaiy piston 
sealingly fits said auxiUaiy "cylinder chamber, tiieieby defining a sealed vohime 
between said lid and said aindHary piston, said sealed volume being provided with 
fluid communication to said first port, so that pressures acting on the poppet 

5 assembly fiwn said sealed volume and from said first port are equalized. 

11. The three-w^ poppet valve of Claim 10, wherein said axial rod extends, 

with a sealing sliding fit, through an opening in said Ud aad is connectable to 
esctemal drive means &r moving the poppet assembly between the two positions 
fliereo£ 

10 12. The three-way poppet valve of Claim 11, wfaaeip said drive means is a 
hydraulic cylinder connected to said rod. 

13. The three-way poppet valve of Claim 10, wherein said fluid 
communication is. provided by an external pipe connecting said sealed volume to 
saidfirstport ' 

15 14.. The three-way poppet valve of Claim 10, wherein said fluid 
communication is provided by a channel obtained through said axial rod. 

15. A work exchanger module adapted to utilize the energy of high-pressure 
worising fluid for pumping feed fluid to a. feed fluid consumer, comprising an 
exchanger cylinder with a first working fluid end and a second feed fluid end, a 

20 piston fireely sHding therebetween, and a first three-w^ poppet vah^e according to 
Claim 10. said poppet valve being connected by its working port to said first end. 
by its second port to a source of high-pressure working fluid and by its first port to 
a non-pressurized discharge outlet 

16. The work exchanger module of Claim 15, ftiftfaer comprising a second 
25 three-way poppet valve according to Claim 10, said second poppet vahre being 

connected by its working port to said second end, by its first port to a source of 
low-pressure feed fluid and by its second port to a high-pressure feed fluid 
consumer. 

17. The work exchanger module of Claim 16, wherein the axial rods of the two 
30 poppet valves are extending outside the housings, the module fiirfher comprising a 
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fitst hydrauUc qyiindw connected to the rod.of the first poppet valve.for driving 
thereof and a second hydraufic cylinder connected to the tod of the second poppet 
valve for driving thereof. 

18. The work exchanger module of Claim 17. where said hydraulic cylinders 
5 have each a "push" and a "puH" port, such that connecting the "push'' port to a 
pressure source would drive the associated poppet valve to the first position thereof 
• and connecting the "pull" port to a pressure source would drive the associated 
poppet valve to the second position thereof, wherein the. "push" port of the . jSisf 
hydrauUc cylinder is connected directly to the "pull" port offb& second lydrauUc 
10 cylinder. 

19. The work exchanger module of Claim 18. wherein Ifae flaring part of-the 
fir^t cyUndrical passage in said first three-w^ poppet valve is axiall^ longer than 
(he corresponding flaring part in said second three-way poppet valve, so that during 
synchronized motion of the two poppet bodies towards opening the first port m 
J 5 both three-way valves, the first port in the first valve is connected to tfae exchanger 
cylinder before the first port of die second valve. 
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FIG. 5B 



